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T'-.i  vi'pose  oJ  Chi*  reaaacch  la  the  aynthesla  and  blolo  Ucal  eviluat.  inn 
It  .inaios*  ■•>£  ■'.eoicholinium  (KC-3).  Cheae  ara  i;enta  uhicii  •iocraa.ij  ■  .o 
iblll*.'.*  chnllnertlc  neurone*  to  ayncheslte  acetylcholine.  The  lonc-rin;n 

:i>ii  '  i  L-*ac.ircii  li  to  develoo  conpounda  which  cm  he  used  )  i.iLi  Iml  .- 

.•.<ca-*s  icaty Icholiaa  within  a  chollnerrjlc  synapse.  aofie  possible  .inorD.i.-nas 
ira  M)  decrease  the  content  of  acetylcholine  within  the  chollner.Uc  neur.jr.c 
by  Interferinit  with  aynthesla,  (2)  desensitizing  chollneri'lc  receptors  it 
rost-svnaotlc  sites,  (3)  decreaaln!'  Che  release  of  acetylcholine  tron  tiu* 
neurana  by  itablllzln5  the  neabrane  or  via  pre-synaptlc  receptors  which  when 
lotlv.imd  .'111  li.alnlsh  the  anounC  of  cceCylchollne  released  into  the  syn.i;)Si-. 

Thus  far  3  aienta  have  been  prepared  and  evaluated  for  actlvttv.  Two  or 
the  acents,  --hlch  are  quarcernary  anlnes,  approximate  HC-3  In  activity  and  the 
tertiary  amine  derivative  la  approximately  l/500th  aa  active  as  HC-3.  Tie 
latter  .uzenc  Is  the  first  active  non-quartemary  amine  to  be  reported.  The 
bloloUcal  assay  procedures  which  have  been  developed  to  evaluate  these  avents 
are  <1*  follows: 

1.  'U:h  terfornance  liquid  chromatography  with  electrochenlcnl  detection 
has  been  Introduced  to  assay  tissue  levels  of  acetylcholine.  The  lower  limits 
of  sensitivity  la  about  10  pJ'l. 

2.  Thirty  minute  Incubation  of  10  mg  of  rat  caudate  nucleus  with  ltC-3- 
llke  comoounda  result  Is  decreased  tissue  levels  of  acetylcholine.  This  Is  a 
convenient  and  definitive  assay  procedure  for  hemlchollniun-llica  activity. 

J.  Tabbit  sciatic  narve-gaatrocnealus  ouscla  preparation  Is  used  for  In 
vivo  evaluation  of  oeuroouscluar  blocking  activity, 

4.  Rat  phrenic  nerve-diaphragm  muscle  preparation#  are  used  for  In  vitro 
assay  for  Inhibition  of  neuroouacular  transmission. 
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t:  Tobl-JT:  T’.e  object  of  Lhl.J  r •'se.ir.'l-;  ;  . .  .  ■ 

tnd  htolo-ricil  ■ivoluaclon  of  analogs  of  heniicholiTlu.-a  which  '  >110-10  '  ' 
decr.j.isii  the  synthesis  of  acetylcholine.  Coapounds  In  this  serf  's  ire  '-.oi'wo 
to  int.i.toni  i  choline  untake  Into  the  cholinergic  neu.-on  and  inliibit  ucoti  in: 
receptors.'  This  is  one  theoretical  approach  to  decrease  th.c  inonnt  or 
ocetvlcholine  within  a  synapse. 

11.  background:  -^t  the  University  of  Iowa,  Hemicholinlura  (UC-i)  and  .1  l  ir  ;u 
nunfaer  of  analogs  were  synthesized  frott  1954-1969.  Depending  on  the 

structure,  a  nuraber  of  the  agents  were  inhibitors  of  acetylcholinesterase 
ind/or  agents  which  inhibited  the  synthesis  of  acetylchnline  (HC-3-llke). 

Selected  acetal  derivatives  of  HC-3  antagonized  nicotinic  .lecnts 
1  nicotine  and  large  doses  of  acetylcholine)  without  nodlfylng  ganglionic 
transmission.  Also  It  was  noted  that  selected  agents  were  very  toxic  (10-30 
cor  HC-3  in  alee  Is  approxlaately  20  pg/kg).  HC-3  is  the  prototype  compound 
.'or  inhibiting  syntheels  of  acetylcholine  and  it  haa  been  used  as  a  tool  in 
many  published  studies.  Our  studies  will  provide  structure-activity 
relationship  data  for  these  very  active  agents. 

III.  Approach  to  the  problem:  The  laoleeular  structures  of  the  agents  is 
designed  to  provide  information  concerning  interatomic  distances  between  the 
cationic  aoletlaa.  Knowledge  of  optimal  subatltutlon  Ou  the  cationic  head 
will  be  gained.  Biological  eveluetlon  will  Include  those  synapses  known  to 
have  considerable  turnover  of  acetylcholine.  We  will  use  inhibition  of 
transmission  at  the  neuromuscular  Junction  and  inhibition  of  synthesis  of 
acetylcholine  in  the  caudate  nucleus  as  our  major  test  systems.  The  toxicity 
of  the  conrpounds  will  be  evaluated,  as  well  as  their  ability  to  alter  DFP- 
Induced  toxicity. 
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■  ';/.o  Tiiurv:  'V’Tt’i'iais  ot  Mentchollniua  ("MC-'3")  .'nAl.Trs 

■ivnihailc  worlc  laadln^  to  a  cycloliexane  comtcner  1  of  ltemtc'’oli.-itua  .;c- 
!")  'MS  'laao  «*sta61iahe<l  on  the  haais  of  definition  at  the  /.eonetrv  ijc  '.''.c 
■ '.t.-  iL.itc  H  (.lciiiir.0  I). 


J  ^OH 


/  \ 

H^C  CH^ 


r^. 


HO 

\  ✓O" 
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Preparation  of  I  la  shovn  In  Scheoe  I.  The  Initially  foraed  product  7  of 
catalytic  hydrogenatloa  of  dlMthyl  biphenyl-*, 4 '-dicarboxy lata  la  a  mixture 
of  all  poaaible  geonetrle  laooera  (traua/trana;  cla/trana;  cia/eia)^.  Heating 
thia  mixture  at  elevated  taeiperacure  In  a  bomb  under  reduced  preaeure  induces 
Isooarlzation  to  the  trana/trana  isomer  Conversion  of  tne  bis-diazoketone. 

11  into  the  bis-broaoketone  12  is  based  upon  a  method  of  Wagner  and  Moore^. 

-vx,  — . 

Schueler^  proposed  chac  keto  amlnoelcohols  such  as  13  (Scheme  I)  exist  In  the 

wx 

heaiketal  structure  as  sihown  for  I  and  2,  and  Indeed,  spectral  data  confirm 

'■j 

this  structure  for  1. 


•  -*V  X“<a  .N  •X  .N  /a  vN  V*V  ^  .*•  m"*  ^  •>  W*  ^ 


■'  'T  ''.'Hit 


.'ll':  ivnLhetic  ipproach  to  the  phenanthrene-ri<*rtvf(i  ■!(;-< 

Involves  preparation  of  phenanthrene-l  ,7-dlcarboxyllc  acid  1^,  and  tc  shoan  i;i 
ichefe  It. 


The  starting  saterlal  retene  is  avsllabls  commercially;  we  have  also 

prepared  it  by  dehydrogenation  of  abietlc  acid^.  Oxidation  of  retene  with 
KjFefCN)^  by  a  method  of  Rualclca.eL  al«.^  gave  extremely  poor  yields  of  16, 
due  to  an  uncontrollable  further  oxidation  of  the  desired  product  to  a 

biphenyltetracarboxylic  acid.  Satisfactory  yields  of  16^  of  high  purity  were 
attained  by  oxidation  of  retene  with  aqueous  sodium  dlchrooate  in  a  bomb  at 
elevated  temperature,  according  to  a  method  of  Friedman,  et  al.^  This 
oxidation  has  now  been  scaled  up  and  the  reaction  conditions  have  been 
optimized.  Ample  supplies  of  16  will  permit  elaboration  of  the  carboxyl 


..  .V  ■> 


. '  ^ 


•  •  -rt  n  .if  MC- }  I'lTT'inern 


'n  i  •nt  ’-i.lc  ‘ffort*  l.s;<dlntt  to  the  2,2'-dtTethvlhtnh<invr  svsf..--»  i,'. 
’•r-  )r-i!d  '.I’-a  -I'.’nthetlc  Ttess  iwitlined  tn  Scho-ie  HU 


•  In  in*  atep  2')  21  (Scheoe  HI)  are  low;  jc  iiave  not  ret  optl.nii^n  i 

'\*'W 

•.icilon  oonditioas.  Jevertholoas,  ae  obtain  praparatlve  rju-intiil'.';*  of  i 
■  inllrlij  2^. 

..lo  ZZ  'orjrl jiial/  .-.rdp.ifid  ii  '.’-.cjo  •  lahnr  .i  :r i  .’a ' 

■ouii  rosyntlieslaed  cor  facthor  and  extended  studio*.  T'.e  synthetic  rmile 
shown  in  acnena  tV. 
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’"’.u  i  ;.‘c!.ion  >ii^crlbes  synthesis  of  all  compounds  pcepar'id  '.ti  .i.iLc  u:iii'>r 

•  ■' in',  rnc. . 

■'I'.f-'.  ’  ,’oinLs  ••era  detarmined  \t  open  .''lass  cioiilori  j-i  i  ; 

■i:'!cuf  r^'otod.  "lanental  analyses  were  performed  by  (ialbr.TtL;'i  [..ihonturi  i-s , 
"^onnessee.  IR  spectra  were  recorded  on  a  Heckman  ’ ’> 
instrument.  NMR  spectra  were  recorded  on  n  Varian  AssociaLc.-;  .I-i'i 
instrument  uslny;  tetraoethylsllane  .is  the  internal  ntandnrd.  ‘tiss  sn-.-tri 
were  obtained  on  a  Rtbemag  10/ 10  mass  spectrometer.  Preparative  ilPLC  was 
none  with  a  '..'aters  500  A  Prep  HPLC  apparatus. 

• .  •  ■  “ 'i.ioet ylbiphenyt  (4).  Anhydrous  AlCl.^  ‘i.-a?  'T,  i',')d  mu)  .  . 

covorou  ..‘ith  a  mixture  of  10  raL  of  CS^  and  1.54  (0.01  mol)  of  biphenyl. 

\cetyL  chloride  (1.57  g,  0.02  ool)  was  slowly  added,  and  the  reaction  mixture 
was  :ently  heated  In  a  water  bath  until  evolution  of  HCl  ceased.  The  CS^  was 
removed  under  reduced  pressure  (aspirator)  and  the  residue  was  treated  with 
ice  and  excess  dilute  HCl.  The  solid  which  separated  was  collected  on  a 
filter  and  alr-drled*  It  was  recrystalllzed  from  EtOH  to  give  1.97  g  (83%)  of 
material,  lap  189-190®C.  Llt^  mp  192°C. 

Blphenyl-4.4*«dlcarboxylle  Acid  (^).  Technical  grade  calcium 
hypochlorite  <50  g)  In  200  oL  of  H2O  was  treated  with  35  g  of  K2CO3  and  10  g 
of  KOH  in  100  mL  of  H2O.  The  resulting  mixture  was  agitated  vigorously  until 
the  Initially  formed  gel  became  fluid.  The  suspended  solid  was  removed  by 
filtration  and  was  washed  on  the  filter  with  lOO  laL  of  H2O  which  was  added  to 
the  filtrate*  To  this  solution  in  a  2L  flask  was  added  3  g  (0.0126  mol)  of  4, 

.md  the  mixture  was  stirred  and  heated  at  75“85®C  for  5  h.  The  ra.iction 
mixture  was  treated  with  10  g  of  NaHSOj  in  40  ml  of  H2O,  and  was  then  cooled 

to  rcom  temperature*  Excess  cone  HCl  was  carefully  added,  and  the  white  solid 
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II 


iloH  ■•'Ts  collected  on  a  filter,  washed  with  lUO,  hk)  i  i  r-.; '•  i '"1 . 
was  recrystallizcd  from  EtOH  to  afford  2.8  g  (93%)  of  a  whito  soUd. 

;50“C.  Lit^  np  >  2500c.  IR  (XBr)  1759  cra"^  (COOIl). 

Otnoiiwl  U  phonv  1-4,  ^'-dlcar  boxy  late  (^)*  Compound  5  (3  i33  j  i  ■ 

in  75  mL  of  anhydrous  MeOH  and  2  drops  of  cone  8280^  was  heated  under  ref  lay. 
for  itavs.  The  resulting  mixture  was  cooled,  transferred  to  -1  separ  itorv 
funnel,  and  diluted  with  200  mL  of  H2O.  The  resulting  mixture  was  extracted 
with  EtoO.  The  ethereal  extract  was  washed  with  5%  NaHCO^,  ‘I2O,  anJ  dried 
INa-iSO/,).  Evaporation  of  the  Et20  left  a  solid  which  was  rocrysta  1. 1 izud  twice 
from  St-,0  to ,  give  2.8  g  (85%)  of  product,  mp  ?05“206Oc.  Llt'*^  np  IR 

(CHCI3)  1729  cm"*  (ester  C-0).  NMR  (CDCI3)  63.98  (s,  6H,  OCjlj).  7.26-H.2j  (a. 
dH  Arora  ^) . 

Dimethyl  Bicyclohexyl-A ,4  *«dlearboxylate  (7).  Following  .a  patent 
procedure*,  3  g  (0.011  mol)  of  ^  was  hydrogenated  at  50°C  in  100  mL  of  AcOH  In 
the  presence  of  0.05  g  of  Pt02.  When  uptake  of  H2  ceased,  the  catalyst  was 
removed  by  filtration,  and  the  filtrate  was  diluted  with  H2O  and  neutralized 
with  aqueous  Na2C03.  A  solid  separated  (3.0  g)  which  was  collected  on  a 
filter.  TLC  analysis  (SIO2,  CHCI3)  Indicated  3  components.  IR  (011013 
cm"*)  (ester  C*0).  NMR  (CDCI3)  showed  no  aromatic  H.  This  material  was 
utilized  In  the  next  step  without  purification. 

tfans/trans-Dlaethyl  Btcyclohexyl-A,A*-dlcarboxylate  (8)«  A  modification 
of  a  patent  procedure*  was  utilized.  Product  7  (2  g,  0.0071  mol)  was  heated 
overnight  with  0.5  g  of  NaOH  In  12  mL  of  MeOH  and  5  taL  of  H2O.  The  MeOH  was 
removed  by  distillation,  and  excess  cone  HCl  was  added  to  the  aqueous 
mixture.  The  white  solid  which  separated  was  collected  on  a  filter,  washed 
■with  H2O  and  alr-drled.  This  material  was  placed  In  a  bomb  under  reduced 
pressure  (15  ma)  and  the  bomb  was  heated  at  250°C  for  2  h,  then  at  300”C  for  2 
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-  ■  --iico'l  .It  Mt-.l  -T  1-5^“’':.  ;  .■  •••  ’ 

siisnenijoi  in  jO  -L  of  ‘leOH  and  2  mL  of  cone  H>,SO«,  and  was  ho-iucil  >v'.*rni  • 
iod  *r  r-,‘rl.ii\.  The  rjactlon  tnlxcuce  waa  poured  over  oxcos.s  Leu  in.l  il;  ; 

•'.ic.!  i.i  •-.  jMrnLetl  collected  on  a  filter,  oashud  wltli  U2'^*  lir— ;riv;d,  ; 
4'ocrvsi.al U:ed  from  9:1  Me0H-H20  to  af.focd  1.46  g  (73S)  of  white  crysL.il.i.  -.p 
IlU-tU  'i:.  '.It  np  116*^0^,  lOO-lOl^’c'^  HPLC  analysis  (3102,  toluene-,  i,:.. 
.:l)  inaicited  the  i.iatarlal  to  be  homogenous.  'IMR  (COCl^)  o  1.0-2.  J  .  i.  -2. 
lUph  .1),  3.0  (8,  6«,  CH3).  IR  (XBr)  1690  cm'^  (C-0). 

t r.nns/tr3ns“31cyclohexyl-4,4*-dlcarbonyl  Chloride  (^|^)-  '  solution  of 

4.0  2  (0.014  noi)  of  8  and  8  g  of  'laOH  In  100  mL  of  MeOH  and  80  nL  of  H  .0  was 
■•,>nt:d  'ine.or  reflux  for  12  h.  The  MeOH  was  removed  under  reduced  pressur-*. 
nd  '.he  inueous  solution  was  acidified  with  ccnc  HCl.  The  solid  '..'hlch 
senarated  '.‘as  collected  on  a  filter,  washed  with  H2O,  and  carefully  air-drted. 

To  0.8  g  (0.003  mol)  of  this  material  was  added  over  5  min  25  nL  of 
lOClj,  and  the  resulting  mixture  was  heated  at  150°C  for  12  h.  Unreacted 
SOCI2,  was  removed  by  repeated  azeotroplng  with  benzene,  to  leave  0.86  g  of  a 
brown  oil.  IR  (neat)  1785  cm*^  (COCl).  This  material  was  used  in  the 
subsequent  step  without  further  treatment. 

trans/tran8-4,4'-bia(Diazdearbonyl)blcyclohexyl  (U)»  A  solution  of  1.5 
g  (0.005  nol)  of  crude  ^  In  100  mL  of  anhydrous  tetrahydrofuran  was  added 
drepvise  over  15  min  at  0®C  to  a  stirred  solution  of  2  mL  of  triethylamine  and 
alcohol-free  diazomethane  (prepared  from  21.5  g  of  Dtazald^*^)  in  100  mL  of 
anhydrous  Et20.  Stirring  was  continued  for  an  additional  3  h  under  ^2*  The 
reaction  mixture  was  filtered,  and  the  solid  on  the  filter  was  washed  with 
several  portions  of  anhydrous  tetrahydrofuran.  The  combined  filtrate  and 
washings  were  evaporated  under  reduced  pressure,  and  the  residue  was 
ch.ron.itpvraphcd  on  SIO2  by  a  dry  column  technique  and  was  eluted  with  ethyl 


13 


BEST  AVAILABLE  COPY 


v‘t  ii.' (2:4;A).  The  solid  obcalned  fron  ••li!’.'  .is 

recrystalllzed  froa  benzene  to  afford  1.2  r  (80%)  of  fine  crystals,  r.p  1S9- 

loO'^C.  ri  ^KBr)  2100  (N-N),  1720  cm"^  (C-0).  WR  (COCI3)  .3  O.H-’A.n  (n.  I'H, 
aliph  !l),  5.2  (s,  211,  COCMN,.  MS  m/e  302  (M"*"). 

Ana  I .  Calcd  for  ^^^1122^402  c,  63.58;  H,  7.28;  N,  13.54.  Found:  0, 

o3.b3;  H,  7.59;  N,  18.42. 

trans/cr3n3-4.4*bts-(broaoacetyl)blcyclohexyl.  02).  To  a  solution  of 
0.25  R  (0.0006  mol)  of  11  In  10  ml  of  pentane  was  added  with  stlrrinR  at  room 

n.nj 

temperature  20  oL  of  48X  aqueous  HBr,  and  the  reaction  mixture  was  permitted 
to  stand  several  hours  until  evoluation  of  ^2  ceased.  The  pentane  layer  was 
wasncd  with  H2O  to  remove  HBr.  The  combined  aqueous  washes  were  neutralized 
with  5%  NaHCO^,  and  this  mixture  was  extracted  with  CHCl^.  The  combined  CHCI3 
extract  and  pentane  solution  was  evaporated  under  reduced  pressure,  and  the 
residue  was  chromatographed  on  SIO2  and  eluted  with  9:1  benzene/ethyl 
acetate.  Evaporation  of  the  eluate  gave  a  light  yellow  solid  which  was 

recrystalliaed  from  toluene  to  give  0.164  g  (67%)  of  product,  mp  148-149°C. 
NMR  (COCI3)  6  0.8-20.0  (m,  20H,  aliphatic  H),  4.1  (s,  4H,  C0CH2Br).  IR  (RBr) 
171  cm"^  (C-0). 

Anal.  Calcd  for  C^6^24^’^2^2  5.88;  Br,  39.92.  Found:  C, 

47.36;  H.  5.74;  Br.  38.80. 

tran8/trans-4.4'bis-{2-(2-hydroxy4.4-dimethyl-l .4-tetrahydrooxazinyl)} 
blcyclohexyl  (1).  To  O.l  a  (0.00025  moDof  12  in  15  nL  of  anhydrous 
tetrahydrofuran,  under  N2t  was  added  with  stirring  at  room  temperature  0.45  g 
(0.005  ool)  of  dlmethylamincethanol  in  2  mL  of  anhydrous  tetrahydrofuran.  The 
reaction  mixture  was  stirred  for  an  additional  1  h.  The  solid  which  scparatod 
wjo  collected  on  a  filter  and  w.is  rccrystalllzed  from  Et0H-Et2O  three  times  to 
afford  0.143  g  (98%)  of  white  crystals.  «p  233-Z40®C.  IR  (KBr)  320U 
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(v^ncu)  5  0. 5-2.0  (n.  2011.  illnh  H). 

"I?'* 

\ri.T I .  Called  for  (Xarl  Flschtr  H.jO  6.26.')  C,  i.  - 

11:  .'ound  C,  46.50;  H,  8.04;  N,  4.73 

t*henrti\uhrene-l  ,7-Dicarboxvlic  Acid  (16).  l-Me(.iivL“7“l.=5opropyiplicn- 
laL.Mrene  v'‘rccena“)  (15  s,  0.06  nol)  and  lUO  %  (0.3o  noL)  of  Na^Or  .n 

2  '.’  "iL  of  K>0  ’vera  heaced  In  a  bomb  at  250*^C  for  20  h.  I’lic  cooLad  i-ool.-ol  . 
of  the  bomb  were  filtered,  and  the  filtrate  was  acidified  with  Ib.'l  MCI.  A 
white  ^olLd  separated  which  was  collected  on  a  filter  and  washed  with  H>,0  and 
•jir-drlcd  to  afford  12  g  (75^)  of  crude  acid  product.  This  material  w.is 
ir  urt -rL-’-o.l  .j  Its  Oe  ester.  \  1.7  g  (0.006  ool)  sample  was  treated  with 
••''CUSS  CM2'^2  *!C20.  Evaporation  of  volatiles  provided  a  solid  residue  which 

was  purified  by  HPLC  (Si02/CH2Cl2)  to  provide  0.52  g  (30J!)  of  a  white  solid, 
np  152-153®C.  Lit*  op  151-152®C.  MS  m/e  294  (M+).  NMR  (CDCI3)  6  4.03  (d, 
oH.  0CH3) ,  7,25-9.0  (m,  8H,  arom  H). 

2.2* -Dime thvl-4 . 4 ♦ -diamtnoblphenyl  (20).  A  mixture  of  100  g  (0.72  mol) 
of  ^nitrotolaene.  168  g  (4.2  mol)  of  NaOH,  140  g  (2.14  g  atom)  of  Zn  dust, 
370  oL  of  H2O,  and  1  L  of  MeOH  was  heated  under  reflux  with  stirring  for  12 
h.  The  hot  reaction  mixture  uaa  rapidly  filtered  through  a  sintered  glass 
filter  and  the  heavy  emulsified  filtrate  was  extracted-  twice  with  Et20.  The 
combined  ethereal  extracts  ware  weehed  with  H2O  and  the  organic  layer  in  a  5  L 
flask  was  treated  with  1.8  L  of  CtOH  and  280  mL  of  cone  HCl.  The  resulting 
mixture  was  heated  on  e  steem  bath  to  remove  Et20,  then  it  was  heated  under 
reflux  for  1  h.  The  reeetlon  mixture  was  cooled  and  the  solid  which  separated 
was  collected  on  a  filter.  It  was  washed  with  EtOH  to  give  40.3  g  (392)  of  n 
white  solid.  \  small  amount  of  this  was  Created  with  NM^OH  to  liberate  the 
free  base  which  was  recrystalllzed  from  petroleum  ether  (bp  35-60®C)  to  give 
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■  iH.  'J9-1()0°C.  np  101-102*^0.  N'lR  n:i)01.,)  .•,  >!  .. 

CM3).  3.29  (s.  iH.  N%),  6.39-6.96  (m,  6H,  arom  H). 

4 .  4*-niovano-2.2*-dI.T'ethylbtphenvl  (21).  Compourd  20^  (!■*  >1) 

.MS  .iiaidcUod  in  200  mL  of  U2O  and  41  g  of  ccnc  U2SO4  with  9.1  ;;  •. 

5*^0.  Cu-,CCN)t  was  prepared  accordln/;  to  a  procedure  of  Thei  lacker  ind 
occ'T0wskl^“,  To  this  Cu2(CN)o  suspension  in  H2O  was  slowly  added,  ith  lami.ii. 
stirria::,  the  <llazotized  solution.  Frequent  heatini;  on  .1  Uoin  it:i 
diminished  frothing.  The  temperature  was  brought  to  75*^0  and  was  naintiinud 
with  nanual  stirring  for  40  min.  The  reaction  mixture  was  filtered  and  tlie 
filter  cake  was  washed  with  5^0  mL  of  3M  H2S0^,  then  with  1  L  of  H2U,  then  it 
was  air-dried.  The  dried  cake  was  transferred  to  a  Sohxlet  thimhle  and  it  -as 
■'xtracted  with  GtOH  for  12  h.  The  EtOH  extract  was  transferred  to  a  lar-rc 
separatory  funnel  and  it  was  diluted  with  H2O  to  throw  out  a  yellow  solid. 
This  mixture  was  extracted  repeatedly  with  Et20.  The  pooled  extracts  were 

•xtncted  with  3  portions  of  dll  NaCH,  one  portion  of  3N  HCl,  and  3  portions 

of  HiO.  The  Et20  was  evaporated  to  leave  a  brown  syrup  which  was  mixed  with 
20  oL  of  EtOH.  This  mixture  was  heated  to  boiling,  and  upon  cooling  slightly 
a  brown  tar  was  deposited.  The  supernatant  was  decanted,  and  upon  further 
cooling,  a  yellow  solid  separated,  mp  106-108®C.  Llt^^  mp  113°C.  Yield:  3.5 
g  (23S).  NMR  (CDClj)  6  2.03  (s,  6H,  CH3),  7.07-7.56  (m,  6H,  arom  J^). 
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Methods  -  Siolo.ny 


1,  HPLC-eC  Aaaay  for  Acetylcholine 

A  iMChod  for  the  deCarniraClon  of  acetylcholine  has  been 
ilaveloped  using  HPIX  utch  elactroehaaical  detection  (HPLC-EC)  based 
on  the  nachod  of  Pottac  at  al  (1983).  This  aethod  uses  reverse 
phase  HPLC  to  aeparata  acetylcholine  and  choline.  The  effluent 
emerging  froa  rha  eoluon  is  olxad  with  acetylcholinesterase  and 
choline  oxidase.  This  nixing  la  post-coluan.  Chollruj  and  choline 
produced  by  the  hydrolysis  of  ACh  is  converted  by  choline  oxidase  to 
betaine  and  hydrogen  peroxide.  Hydrogen  peroxide  production  is  then 
■onltored  eleccrochenlcally. 

Choline  +  aOj  +  320  choline  oxidase  betaine  >  2H2O2 

Protocol 

The  Mobile  phaae  conslata  of  0.01  M  todlua  acetate  buffered  Co  pH  5 
with  0.02  H  cleric  acid  containing  5.0  ag/llter  sodlua  octyl  sulfate  and 
1.2  hH  THA.  The  ensyrae  solucloa  consists  of  O.^H  sodlua  phosphate 
buffer  pH  3.5  to  which  Is  added  1  unlt/nl  choline  oxidase  and  2  unlts/ml 
of  acetylcholinesterase.  The  puaplng  rates  of  the  two  buffers  are  0.80 
al/aln  and  0.05  nl/«la  reapectlvely  to  bring  Che  pH  In  the  reaction  coll 
Co  pH  8  (opciouM  for  acetylchollneatarase). 

The  asaay  systea  consists  of  Kheodyne  7125  Injector  with  a  100  ul 
saople  loop,  ^nd  a  Supelco  C-13  IS  cm  deactivated  for  beslc  coopounds 
reverse-phase  eoluon.  The  effluent  froa  the  column  flows  into  a  teflon 
tee  connector  where  It  alxes  with  the  enzyae  solution  and  enters  a 
reaction  coll  of  30  a  of  30  gauge  teflon  Cubing.  This  coil  provides  a 
2.5  tain  delay  to  allow  for  enzymatic  reactions.  The  effluent  then 
passes  u  platinum  electrode:  the  potential  la  set  to  +0.5  V  versus  a 
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■  .\4;VcCi.  rvitorencH  jlacirodH  for  the  deCecCton  of 
Is  aaasurud  usln<;  a  SAS  LC-AB  detector. 

\Ch  and  Oh  standards  .-'re  prepared  daily  In  O.Ol  perchloric  acid 
(PC\).  Styhlhoaocholine  (£HC)  la  used  as  Che  Internal  standard  and 
tissae  saoplea  are  homogenized  in  0.01.1  PCA  containing;  200  pnoles 
SHC/100  111  and  allowed  to  stand  on  ice  for  13  min.  The  saiaples  are 
centrifuged  and  I'M  ul  aamples  injected  onto  the  coluan.  ACh  concent  of 
10  aig  of  tissue  la  deteralned. 

Results 

At  the  tiae  of  this  progress  report  the  HPLC  nethod  for 
determination  of  ACh  using  (Potter  et  al)  procedure  with  nodlf icaclons 
is  sensitive  enough  to  determine  ACh  content  in  discrete  areas  of  the 
CMS.  The  lielc  to  our  senalclvicy  is  approxlaacnly  10  pooles.  This 
senaltlvlcy  eey  be  further  Improved  with  the  addition  of  a  pre  or  post 
coluan  pulse  dampner  to  decrease  baseline  noise. 

Preliminary  data  have  shown  this  method  Co  be  a  reliable  and 

accurate  procedure  for  measuring  ACh  levels.  ACh  content  In  the  caudate 
nucleus  has  been  lasssursd  at  40  niaoles/g  Cissus  following 
dscapltatlon.  This  is  in  sgreenant  with  ocher  laboratory  results  using 
various  other  assay  methods  and  decapitation. 

Stadias  are  presently  being  conducted  to  study  Che  effects  of 

hemlchollnlu»-3  (2)  and  various  ocher  analogs  on  ACh  contant  in  Che  rat 
caudate.  This  procedure  Involves  decapitation  and  rapid  isolation  of 

0.2  isi  sllcas.  These  slices  are  Chen  Incubated  for  various  Claes  in 

either  Kreb's  buffer  or  Kreb's  buffer  with  experimental  compound. 
Preliminary  results  indicate  that  on  incubating  the  caudate  slices  with 
Kreb's  buffer  only,  ACh  content  is  80-100  nraoles/g  tissue.  This  is 


lo  -VCh  cuac^nc  fiand  ioc  alcrowav-j  .iai-i.ili  wh'.Ti- 

no  ACh  degradation  occurs.  Incubating  with  ^  shovs  a  marked 

decrease  In  ACh  concent.  Though  data  are  in  preliminary  stages,  this 
nechod  of  Incubating  in  Kreb's  or  Kreb's  v#lch  drug  and  then  extraction 
In  0.01  ^  PCA  irlch  CHC  Is  a  possible  method  to  investigate  the 
mechanisms  by  which  hemichoiinlua-3  or  hemlchollnluQ-3  like  compounds 
produce  their  biological  effects. 

Of  equal  value  Co  Che  goals  of  this  research,  this  technique  will 
allow  us  to  state  whether  or  not  an  experimental  compound  is  ;^~llke. 
Compounds  may  inhibit  neuromuacular  transmission  by  various  mechanisms, 
but  inhibition  of  acetylcholine  synthesis  which  la  reversible  by  choline 
is  strong  supportive  evidence  for  2-llke  activity.  Oecrease  in  tissue 
levels  of  ACh  will  be  needed  as  we  aCteapC  to  antidote  toxicity 
following  inhibition  of  acecyichoiineaceraae. 

2.  Rabbit  Neuromuacular  Junction 

Dutch  rabbits  weighing  between  1.8  and  2.4  kg  ara  anesthetized  by 
intravenous  aditlalacracloa  of  2S0  eg/kg  of  phenobarbital  sodium.  The 
trachea  is  isolated  and  respiration  la  supported  by  a  Harvard 
respiration  pump.  One  of  the  Jugular  veins  is  cannulaCed  for 
iacravenous  administration  of  compounds. 

One  of  Che  sciatic  nerves  is  isolated  and  sectioned  centrally  and 
bipolar  platinum  electrodes  are  placed  on  Che  distal  end  of  Che  sciatic 
nerve  and  attached  to  a  Graas  SAC  stimulator.  The  parameters  of 
stimulation  are  as  follows:  every  10  seconds  tetanic  stimulation  is 
delivered  for  0.2  of  a  sec  at  200  Hz.  The  pulse  duration  is  0,2  nsec  at 
maximal  voltage  usually  20  volts.  The  knee  and  ankle  ara  attached  to  a 
solid  mount  and  the  tendon  of  Achilles  is  isolated  and  sectioned.  Ten 
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■ '.-tlon  ii  tMi  Vm  t»»nilon  .n<t  -  h  •  ■ 

4  !i«>citvin  recorder*  StirMlatlonx  .ire  .ipplk-4  .■•in'.i'iuuu.ii 

:-ir  >i;ver.il  ^lours*  In  etost  prenaratlons  contraci (on* 

'.j.ofoxlaataly  «»aa-naif  tour*  ilw  otpounuK  iro  ■ 

Increasinit  doaea  varied  by  0*3  Ior  Intorvala  unLll  .tojv  ".■•iit.MiM.*  .mrvos 
iiM  ■localned*  tlaa  to  produce  loaxitaaL  Lr.hlbltioo  i.i  -lili.v.i  -  i.u.4..‘ 
>>  nin*  ‘olioutnR  the  htiXheat  doae  of  the  coopound  1*00 1 in*  :«•.  - 

•K/icR,  U  adcilalocered  Intravenouaiy  to  tuat  11.1  .int.ittonlsiir  ic’.L.mi 
italnat  the  neurooua.'.ular  blockade* 

3*  tat  Phrenic  Nerve»01nehraga  Preparation 

•ulult  ••'ita  .ire  killed  by  a  blow  to  the  h*»nd  .ind  tip 
opened  and  phrenic  nerve  and  a  fan-shaped  ll.iphrnsn  on  ont!  <i:!c 
Uicludlae  one  rib  la  iaolated  and  placed  In  Kreb'a  solution.  (:ns/L* 
N'aCl*  3*34;  KCl.  0*33;  HgSO^  a  7  iljO.  0*29;  CaCl2.  0.23: 

'.‘aiiCOii,  2*1*  Rlueose*  2*1)* 

The  phrenic  nerve^laphraga  la  attached  flraly  to  a  holding  claap 
In  an  laolated  bath  preparation  and  bipolar  allver  electrodes  arc 
threaded  around  the  phrenic  nerve*  The  paraaotera  of  atleulatlon  are  as 
follows:  every  10  sec  a  frequency  of  200  Hz  la  delivered  for  0*1  sec. 
The  pulse  duration  la  0*2  ascc  and  oaxlrasl  voltage,  usually  10  V.  The 
coopounda  are  added  to  the  bath  and  concentration  is  varied  by  0.48  log 
Intervals*  The  tlae  required  for  additional  doses  of  the  compound  will 
be  30-60  minutes*  Choline  chloride,  10  ng/1  Is  added  to  test  the 
antagonistic  effects  of  this  agent* 

4*  Antzeonlsn  of  Physostlcmlne  Toxicity 

Mice  weighing  20-24  g  are  pretreated  30  alnutes  with  the  ar.ent  to 
be  tested.  Physostlgmine  la  then  administered  intraperlotonr.illy  In  a 
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l.l  This  is  sufficient  to  produce  TO-ho'.  - 

nonore^dlcoted  anl-ei..  For  defiled  studies  shifts  In  the  ontlr.  oo 
r..sponso  curve  of  physoseHmlne  Is  evaluated. 
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Conpeund 

Inhibition  of  the  rabbit  sciatic  nerve 

gastrocnemius  muscle.  IDSO  -  " 

confidence  limits) 

4.3  (3.4  -  6.1) 

2,370  (1,880  -  3,050) 
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2.3  (1.5  -  4.4) 

'V'X. 

1 

approx.  6  (n*2) 

BEST  AVAILABLE  COPY 
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T^e  oattern  of  action  for  neuronuscular  Inhibition  appear*;  verv  -JtTilar 
for  all  of  the  above  compounds.  (See  Figs.  1-4)  The  onset  of  action  is  aloj 
and  the  inhibition  of  transmission  is  long  (hours).  T!ie  aenronusclu.ir 
blockade  of  all  agents  Is  reversed  by  choline. 

We  are  evaluating  the  compounds  in  the  rat  phrenic  iiervc-ui.ipnragm 
preparation.  Compound  2^  appears  to  be  more  active  than  2  and  IJ  1 ;  .bunt 
1/10  as  active.  We  have  no  suggestions  at  this  time  to  explain  the  loparent 
differences  of  relative  potency  for  vs  ^  in  this  preparation  vs  the  r.ionit 
sciatic  nerve-gas trocnemlus  muscle  preparation. 

2.  Antagonism  of  physostigalne  i  iduced  toxicity 

Apomorphine,  10  administered  0.5  hour  before  IP  adralnistntlon  nt 
physostigaine  significantly  antagonized  the  toxicity  of  physosticmlne  in 
.alee.  Haloperldol,  I  ag/kg,  administered  ulth  apomorphlne  prevented  the 
protective  action  of  apomorphlne. 

The  following  compound  which  m  have  previously  reported  to  be  a  very 
actl’/e  dopamine  receptor  agonist  failed  to  antagonize  the  toxicity  of 
physostlgmlne. 

^C2H.^-n 


i 


i 


i 


i 


i 


Other  dopamine  receptor  agonists  will  be  evaluated.  Also  all  tertiary 
amines  which  are  ^-like  will  be  evaluated  for  their  ability  to  modify 
physostlgmine  induced  toxicity. 
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i-'-’car*!. jr  ironists  and  ChoM  compounds  will  ba  screened  foe  protective*  action. 

VI  t.  Vo.ncl  islona 

a.  the  activity  ot  2  Is  appcoxlnstel/  the  same  as  ve  caiind  in  the 

'\s‘ 

;)asc. 

n.  Coippound  2:^,  thou<;h  only  about  1/500  active  aa  2  in  the  riodit 

nerve  nuscle  preperetlon.  Is  a  tertiary  amine.  This  is  the  r'lrst 
report  that  2-like  activity  has  been  observed  for  a  non-‘t»*icurnarv 

'\j 

amine.  Non-quaternary  amines  oust  be  develope-1  If  they  are  to  he 
active  on  the  central  nervous  system  followln't  -.ystanlc 
administration. 

c.  Compound  ^  appears  to  be  more  active  then  The  toxicity  of  this 
compound  should  be  merked. 

d.  Compound  ^  Is  e  potent  2-llke  agent.  This  chemical  structure 
represents  a  new  structural  approach  and  hopefully  we  can  use  It 
and  analogs  to  better  estimete  charge  and  spetial  distribution  on 
the  receptor.  The  biphenyl  of  2  la  not  required  for  activity. 

'V 

VIII.  Kecomaendatione 

More  research  data  are  nseded  to  determine  fully  the  pharmacology  of  the 
above  chemical  entitles.  Uhether  the  highly  active  quaternaries  ^  or  ^  have 
potential  use,  we  do  not  know.  The  discovery  of  an  active  tertiary  amine,  22, 
offers  the  possibility  of  inhibiting  synthesis  of  acetylcholine  within  the  CNS 
following  systemic  administration. 
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Fig.  1  Inhibition  by  HC-3  of  the  rabbit  sciatic  nerve  gastro¬ 
cnemius  muscle  preparation.  Stimuiated  once 
every  10  sec.  by  200  Hz  for  0.2  sec.,  pulse  duration 
0.2  ms.,  supramaximal  voltage 
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